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pFT7rpff,NPF, TO RELA TF" APPLICATION 

5 This application is a continuation-in-part of U.S. provisional application serial no. 60/061,360 filed 

October 8, 1997 which is relied upon and incorporated in its entirety. 

TXTTRnmimoN a n" background 

Cyclosporin derivatives of the present invention are disclosed which possess enhanced efficacy and 
10 reduced toxicity over naturally occurring and other presently known cyclosporins and cyclosporine derivatives. 
The cyclosporin derivatives of the present invention are produced by chemical and isotopic substitution of the 

cyclosporine A (CsA) molecule by. 

1. Chemical substitution and optionally deuterium substitution of amino acid 1; and 

2. Deuterium substitution at key sites of metabolism of the cyclosporine A molecule such 
15 as amino acids 1,4, 9. 

The most active derivatives of the invention were those possessing both chemical and deuterium 

substitution. 

The cyclosporins are a family of, neutral, hydrophobic cyclic undecapeptides, containing a novel 
nine-carbon amino acid (MeBmt) at position 1 of the ring that exhibit potent immunosuppressive, antiparasitic, 

20 fungicidal, and chronic anti-inflammatory properties. The naturally occurring members of this family of 

structurally related compounds are produced by various fungi imperfecti. Cyclosporines A and C, are the major 
components. Cyclosporine A, which is discussed further below, is a particularly important member of the 
cyclosporin family of compounds. Twenty four minor metabolites, also oligopeptides, have been identified; 
Lawen et al, J. Antibiotics 42, 1283 (1989); Traber et al, Helv. Chin, Acta 70, 13 (1 987); Von Wartburg and 

25 Traber Prog. Med. Chem., 25, 1 (1988). 

isolation of cyclosporines A and C, as well as the structure of A were reported by A. Ruegger et al, 
Helv Chim. Acta 59, 1075(1976); M. Dreyfuss et al., J. Appl. Microbiol. 3, 125 (1976). Crystal and molecular 
structures of the iodo derivative of A have been reported by T. J. Petcher et al., Helv. Chim. Acta 59, 1480 
30 (1976). The structure of C was reported by R. Traber et al., ibid. 60, 1247 (1977). Production of A and C has 
been reported by E. Harri et al., U.S. Pat. No. 4,1 17,1 1 8 (1978 to Sandoz). Isolation, characterization and 
antifungal activity of B, D, E, as.well as the structures of A through D have been reported by R. Traber et al., 
Helv Chim. Acta 60, 1568(1977). Isolation and structures of E, F, G, H, I: eidem, ibid. 65, 1655 (1982). 
Preparation of [2-Deutero-3-fluoro-D-Ala]*-CsA is disclosed by Patchett et al in GB 2,206,199A which was 

35 published on Dec. 29, 1988. 

Cyclosporin was discovered to be immunosuppressive when it was observed to suppress antibody 
production in mice during the screening of fungal extracts. Specifically, its suppressive effects appear to be 
related to the inhibition of T-cell receptor-mediated activation events. It accomplishes this by interrupting 
calcium dependent signal transduction during T-cell activation by inactivating calmodulin and cyclophilin, a 
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peptidly propyl isomerase. It also inhibits lymphokine production by T-helper cells in vitro and arrests the 
development of mature CDS and CD4 cells in the thymus. Other in vitro properties include inhibition of IL-2 
producing T-lymphocytes and cytotoxic T-lymphocytes, inhibition of IL-2 released by activated T-cells, 
inhibition of resting T-lymphocytes in response to alloantigen and exogenous lymphokine, inhibition of IW 
production, and inhibition of mitogen activation of IL-2 producing T-lymphocytes. Further evidence indicates 
that the above effects involve the T-lymphocytes at the activation and maturation stages. 

Stimulation of TCR (T cell receptor) by foreign antigen on a major histocompatibility (MHC) 
molecule on the surface of the T cell results in the activation of a TCR signal transmission pathway (exact 
method of transrmssion unknown) through the cytoplasm causing the signal results in the activation of nuclear 
transcription factors, i.e. nuclear factors of activated T-cel.s (NF-AT) which regulate transcription of T-cell 
activation genes. These genes include that of lymphokine interleukin-2 (IL-2). Translation of the message «, 
followed by secretion of IL-2. T-cell activation also involves the appearance of the lymphokine receptor IL-2R 
on the cell srface. After IL-2 binds to IL-2R, a lymphokine receptor (LKR) signal transmission pathway is 
activated. The immunosuppressive drug, rapamycin, inhibits this pathway. 
15 CsA is a potent inhibitor of TCR-mediated signal transduction pathway. It inhibits binding of NF-AT 

to the IL-2 enhancer, and thus inhibits transcriptional activation. CsA binds to cyclophilin, which binds to 
calcineurin, which is a key enzyme in the T-cell signal transduction cascade. 

Cyclophilin is found in prokaryotic and eukarotic organisms and is ubiquitous and abundant. 
Cyclophilin is a single polypeptide chain with 165 amino acid residues. It has a molecular mass of 1 7.8 kD. A 
20 roughly spherical molecule with a radius of 1 7 angstroms, cyclophilin has a eight-stranded antiparallel beta 
barrel Inside the barrel, the tight.y packed core contains mostly hydrophobic side chains. CsA has numerous 
hydrophobic side chains which allow it to fit into the cyclophilin beta barrel. Cyclophiliin catalyzes the 
byconversion of the cis and trans-rotamers of the peGIFdyl-prolyl amide bond of peptide and protein 
substrates Cyclophilin is identical in structure with peptidyl prolyl cis-trans isomerase and bears structural 
25 resemblance to the superfamily of proteins that transports ligands such as retinol-binding protein (RBP). These 
proteins carry the ligand in the barrel core. But cyclophilin actually carries the ligand binding site on the 
outside of the barrel. The tetrapeptide ligand binds in a long deep groove on the protein surface between one 
face of the beta barrel and the Thrl 16-Glyl30 loop. 

Further properties have also been reported in studies of the biological activity of CsA: J. F. Borel et 
30 al Agents Actions 6, 468 (1976). Pharmacology: Eidem. Immunology 32, 1017 (1977); R. Y. Calne, Clin. 

Exp. Immunol. 35, 1 (1979). Human studies: R. Y. Calne et al., Lancet 2, 1323(1978); R. L. Powles et al., ibul. 
1327; R. L. Powles et al., ibid 1 , 327 (1980). In vitro activity (porcine T-cells): D. J. White et al., 
Transplantation 27, 55 (1979). Effects on human lymphoid and myeloid cells: M. Y. Gordon, J. W. Singer, 
Nature 279, 433(1979). Clinical study of CsA in graft-versus-host disease: P. J. Tutschka et al., Blood 61 , 
35 318(1983). 

Mechanism of Cvclosnorin e A Action 
Cyclosporine A-Cyclophilin A complex 

CsA, as discussed above, binds to the cyclophilin beta barrel. Thirteen CyP A residues define the 
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CsA binding site. These residues are Arg 55, Phe 60, Met 61, Gin 63, Gly 72, Ala 101, Asn 102, Ala 103, Gin 
1 1 1 Phe 1 13 Trp 121, Leu 122, His 126. The largest side-chain movements are 1.3 A for Arg 55 and up to 
0 7 A for Phe 60, Gin 63, and Trp 121. There are four direct hydrogen bonds between the CyP A and CsA. 
Residues 4 5 6, 7, 8 of CsA protrude out into the solvent and are thought to be involved in binding the 
effector protein, calcineurin (Pflugl, G., Kallen, J., Schirmer, T., Jansonius, J.N., Zurini, M.G.M., & 
Walkinshaw, M.D. (1993) Nature 361, 91-94.) 

Function of CsA-CyP A complex. 

The CsA-CvP A complex inhibits the phosphatase activity of the heterodimeric protein serine/ . 
threonine phosphatase or calcineurin (Liu, J., Fanner, J.D., Lane, W.S., Friedman, J., Weissman, 1., ft 
Schreiber S L. (1991) Cell 66, 807-15, Swanson, S.K., Born, T., Zydowsky, CD., Cho, H., Chang, H.Y., & 
Walsh C T (1992) Proc. Natl. Acad. Sci.USA 89, 3686-90). CyP A binds CsA with an affinity of ca. 10 nM. 
The complex is then presented to calcineurin (Liu, J., Farmer, J.D., Lane, W.S., Friedman, J., Weissman, 1., & 

Schreiber, S.L. (1991) Cell 66, 807-15.)- 

Calcineurin dephosphorylates the transcription factor NFAT found in the cytoplasm of T-cells. 
Dephospho^lation a.lows NFAT to translocate to the nucleus, combine with jun/ fos genes and activate the 
transcription of the IL-2 gene responsible for cell cycle progression, leading to immune response. CsA-CyP A 
complex inhibits the phosphatase activity of calcineurin and ultimately immunosuppression (Etzkom, F. A., 
Chang, Z Stolz, L.A., & Walsh, C.T. (1994) Biochemistry 33, 2380-2388.). Neither CsA or CyP A alone are 
important immunologically. Only their complex is important (Liu, J, Farmer, J.D., Lane, W.S., Friedman, 1, 
Weissman, 1., & Schreiber, S.L. (1991) Cell 66, 807-15). 



Metabolism of Cyclosporine: 

Cyclosporin is metabolized in liver, small intestine and kidney to more than 30 metabolites. The 
structure of 13 metabolites and 2 phase II metabolites have been identified and at least 23 further metabolites 
have been isolated bv HPLC and their structures characterized by mass spectrometry. The reactions invo.ved m 
phase 1 metabolism of cyclosporine are hydration, demethylation as well as oxidation and cyclisat.on at 
amino acid 1. Several clinical studies and reports showed an association between blood concentrations of 
cyclosporine metabolites and neuro- or nephrotoxicity. In vitro experiments indicate that metabol.tes are 
considerably less immunosupressive and more toxic than CsA. 

As exemplified by the ever expanding list of indications for which CsA has been found useful, the 
cyclosporin familv of compounds find utility in the prevention of rejection or organ and bone marrow 
transplants; and in the treatment of psoriasis, and a number of autoimmune disorders such as type 1 diabetes 
mellitus, multiple sclerosis, autoimmune uveitis, and rheumatoid arthritis. Additional indications are discussed 

As is generally accepted by those of skill in the art, inhibition of secretion of interleukin-2 (IL-2) and 
other lymphokines from lymphocytes, is a useful indicator of intrinsic immunosuppressive activity of a 
cyclosporin analog. For a recent review of cyclosporin uses and mechanisms of action see Wenger et al 
Cyclosporine: Chemistry, Structure-Activity Relationships and Mode of Action, Progress in Clmical 
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Biochemistry and Medicine, vol. 2, 176 (1986). 

Cyclosporin A is a cyclic peptide which contains several Methyl amino acids and, at position-8, 
contains a D-alanine. The structure of Cyclosporin A' is given below: 
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•Unless otherwise specified, each of the amino acids of the disclosed cyclosporin is of the L^onfigurauo, 
As is the practice in the field, a particular cyclosporin analog may be named using a shorthand 

notation identifying , 
cyc.osporinAbythet^eon^ 

c cl0S porin B is [Alaf -CsA; cyclosporin D is [Valf -CsA; cyclosporin E is [Va^-CsA; cyclosponn F ■ [3- 
DesoxyMeBmt]'-CsA; cyclosporin G is [NV.f -CsA; and cyclosporin H is [D-MeVal] -CsA. 

D-Serine and D-Threonine have been introduced into the 8- P osition of cyclosponn A by b.osynthes.s 
resu l tmg in active compound, S-ILT^-d^^SUlWD^^ 
been introduced into position-8 of Cyclosporin A by biosynthesis. See A. Lawen et al J. ****** 52, 1283 



30 (1989). 



TTirtintinn-i f"- r y '™r»™-ine Therapy 

Immunoregulatol7 abnormalities have been shown to exist in a wide variety of autoimmune and 
chronic inflammatory diseases, including systemic lupus erythematous, chronic rheumatoid arthnt.s type 1 
35 diabetes mellitus, inflammato* bowel disease, bilia* cirrhosis, uveitis, multiple sclerosrs and other disorders 
SU ch as Crohn's disease, ulcerative colitis, bullous pemphigoid, sarcoidosis, psoriasis, ichthyos.s, and Graves 
ophthalmopathy.^^ 

have in common the appearance of a variety of autoantibodies and self-reactive lymphocytes. Such self- 
reactivity may be due, in part, to a loss of the homeostatic controls under which the normal immune system 
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operates. 

Similarly, following a bone marrow or an organ transplantation, the host lymphocytes recogmze the 
foreign tissue antigens and begin to produce antibodies which lead to graft rejection. 

One end result of an autoimmune or a rejection process is tissue destruction caused by inflammatory 
cells and the mediators they release. Anti-inflammatory agents, such as NSAID's (Non-Steroidal Anti- 
inflammatory Dmgs), and corticosteroids act principally by blocking the effect of, or secretion of, these 
mediators, but do nothing to modify the immunologic basis of the disease. On the other hand, cytotoxic agents, 
such as cyclophosphamide, act in such a nonspecific fashion that both the normal and autoimmune responses 
are shut off. Indeed, patients treated with such nonspecific immunosuppressive agents are as likely to succumb 
to infection as they are to their autoimmune disease. 

Generally, a cyclosporin, such as cycloserine A, is not cytotoxic nor myelotoxic. It does not inhibit 
migration of monocytes nor does it inhibit granulocytes and macrophage action. Its action is specific and 
leaves most established immune responses intact. However, it is nephrotoxic and is known to cause the 
following undesirable side effects: 

(1) abnormal liver function; 

(2) hirsutism; 

(3) gum hypertrophy; 

(4) tremor; 

(5) neurotoxicity; 

(6) hyperesthesia; and 

(7) gastrointestinal discomfort. 

A number of cyclosporins and analogs have been described in the patent literature: 
U.S. Pat. No. 4,108,985 issued to Ruegger, et al. on Aug. 22, 1978 entitled, "Dihydrocyclosporin C". 
discloses dihydrocyclosporin C, which can be produced by hydrogenation of cyclosporin C. 

U.S. Pat. No. 4,1 17,1 1 8 issued to Harri, et at. on Sep. 26, 1978 entitled, "Organic Compounds", 
discloses cyclosporins A and B, and the production thereof by fermentation. 

U S Pat No. 4,210,58 1 issued to Ruegger, et al. on Jul. 1,1980 entitled, "Organic Compounds", 
discloses cyclosporin C and dihydrocyclosporin C which can be produced by hydrogenation of cyclosporin C. 

U.S. Pat. No. 4,220,641, issued to Traber, et al. on Sep. 2, 1980 entitled, "Organic Compounds", 
discloses cyclosporin D, dihydrocyclosporin D, and isocyclosporin D. 

U.S. Pat. No. 4,288,431 issued to Traber, et al. on Sep. 8, 1981 entitled, "Cyclosporin Derivat.ves, 
Their Production and Pharmaceutical Compositions Containing Them", discloses cyclosporin G, 
dihydrocylosporin G, and isocyclosporin G. 

U S Pat No 4 289,851, issued to Traber, et al. on Sep. 15, 1981 entitled, "Process for Producing 
Cyc.osporin Derivatives", discloses cyclosporin D, dihydrocyclosporin D, and isocyclosporm D, and a process 

for producing same. t ^ 

U S Pat. No. 4,384,996, issued to Bollinger, et al. on May 24, 1983 entitled "Novel Cyclosporins , 
discloses cyclosporins having a p-vinylene-a-amino acid rescue at the position and/or a (^-hydroxy- 
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10 



15 



a -amino acid residue at the 8-position. The cyclosporins disclosed included either-MeBmt or dihydro-MeBmt 
at the 1 -position. 

U S Pat No 4 396,542, issued to Wenger on Aug. 2, 1983 entitled, "Method for the Total Synthesis 
of Cyclosporins, Hove, Cyclosporins and Novel Intermediates and Methods for their Production", disc.oses the 
synthesis of oyclosporins, wherein the residue at the l- P osition is either MeBmt, dihydro-MeBmt, and 

protected intermediates. 

U.S. Pat. No. 4,639,434, issued to Wenger, et al on Jan. 27, 1987, entitled "Novel Cyclosporins , 
discloses cyclosporins with substituted residues at positions 1, 2, 5 and 8. 

U.S. Pat. No. 4,681,754, issued to Siegel on Jul. 21, 1987 entitled, "Counteracting Cyclosporin Organ 
Toxicity" discloses methods of use of cyclosporin comprising co-dergocrine. 

U S Pat No 4 703,033 issued to Seebach on Oct. 27, 1 987 entitled, "Novel Cyclosporins", discloses 
cyclosporins with substituted residues at positions 1, 2 and 3. The substitutions at position-3 include halogen. 

H Kobel and R. Traber, Directed Biosynthesis of Cyclosporins, European J. Appln. Microbiol 
Biotechnol 14 237B240 (1982), discloses the biosynthesis of cyclosporins A, B, C, D & G by fermentation. 

Additiona. cyclosporin analogs are disclosed in U.S. Pat. No. 4,798,823, issued to Witzel, entitled, 
New Cyclosporin Analogs with Modified "C-9 amino acids", which discloses cyclosporin analogs with sulfur- 
containing amino acids at position-1. 

SUMMARY OF THT. INVENTION 
20 The present invention concerns chemically substituted and deuterated analogs of cycloserine A and 

related cyclosporins. 

An object of the present invention is to provide new cycloserine analogs vAich have enhanced 
efficacy and altered pharmacokinetic and pharmacodynamic parameters. Another object of the present 
invention is to provide a cyclosporin analog for the care of immunoregulatory disorders and diseases, 

25 includingtheprevention.controlandtreatmentthereof. Anadditiona. object of the present invention is to 
provide pharmaceutical compositions for administering to a patient in need of the treatment one or more of the 
active immunosuppressive agents of the present invention. Still a further object of this invention is to prov.de 
a method of controUing graft rejection, autoimmune and chronic inflammatory diseases by administering a 
sufficient amount of one or more of the novel immunosuppressive agents in a mammalian species ,n need of 

30 such treatment. Finally, it is the object of this invention to provide processes for the preparation of the active 

compounds of the present invention. 

Substitution and deuteration of the cyclosporine molecule results in altered physicochemical and 
pharmacokinetic properties which enhance its usefulness in the treatment of transplantation rejection, host vs. 
graft disease, graft vs. host disease, aplastic anemia, focal and segmental glomerulosclerosis, myasthenia 
35 gravis, psoriatic arthritis, relapsing polychondritis and ulcerative colitis. 

Embodiments of the invention include CsA derivatives wherein one or more hydrogen atoms in the , 
3 and 9 amino acid positions are substituted with a deuterium atom and wherein the cyclosporine A derivatives 
are optionally chemically substituted at the amino acid 9 position. A further specif, embodiment of the 
invention is the CsA derivative represented by formula 1: 
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wh e r eRis(i)adeut e riu m or(ii)asaturated or unsaturated straight or branched aliphaUc chain of from 2 to 1 6 
heterocych.or^ 

amethy. group and X,Y,andZare hydrogen or deuterium provided that atleast one of X Y or Z s deut nu, 

formaheterocyclic ring such as 5-membered rings .here the neteroato, is oxygen. Other specie 
emb od im entso f thepresent Mention included derivative of forrnuia , where K ,s a sa tura, or 

embodiments include those of formulas 5g and 5e below: 

(5g) 



30 



35 




MeLeu-MeVal N*^ Abu-Sar 

■I 1 O 

MeLeu-D-Ala-Ala-MeLeu-Val-MeLeu 




H0 \ 

MeLeu-MeVal Abu-Sar 

I 1 0 

MeLeu-D-Ala-Ala-MeLeu-Val- MeLeu 



(5e) 



PCT/IB98/01693 

WO 99/18120 

8 

^c^ptptton OF TH E FIGURES 
Figure 1 is the structure of cyclosporin A showing a site of operation at the amino acid 3 position. 
Figure 2 is the structure of cyclosporine A showing a site of operation at the amino acid 9 pos.t.on. 
Figure 3 is scheme 1 of the synthesis of the cyclosporine derivatives. 
Figure 4 is scheme II of the synthesis of the cyclosporine derivatives. 
Figure 5 is a graph of the results of the calcineurin assay of Example 9. 
Figure 6 is a graph of the results of a mixed lymphocyte reaction assay of Example 10. 

iyct ATT .v.n nESCRIP™" OF THF. INVENTION 
Substitution of deuterium for ordinary hydrogen and deuterated substrates for protio metabolites can 
produceprofound changes in biosystems. Isotopically altered drugs have shown widely divergent 
pharmacologic, effect, Pettersen et al., found increased anti-cancer effect with deuterated 5,6-benzyhdene-dl- 
L-ascorbic acid (Zilascorb) [Anticancer Res. 12, 33 (1992)]. 

Substitution of deuterium in methyl groups of cyclosporine will result in a slower rate of ox.dat.on of 
theC -D bond relative to the rate of oxidation of a non-deuterium substituted C-H bond. The isotopic effect 
acts to reduce formation of demethylated metabolites and thereby alters the pharmacokinetic parameters of the 
dru* Lower rates of oxidation, metabolism and clearance result in greater and more sustained b.olog.cal 
acuity Deuteration is targeted at various sites of the cyclosporin molecule to increase the potency of drug, 
reduce toxicity of the drug, reduce the clearance of the pharmacologically active moiety and improve the 
stability of the molecule. 



Isotonic Substitution : 

„ u, • * f* a rfpntermm 13 C 15 N 18 O) are nonradioactive isotopes which contain one 
Stable isotopes (e.g., deuten urn, l,, in, 

additional neutron than the normal* abundant isotope of the respective atom. Deuterated compounds have 
oeen used in pharmaceutical research to mvestigate the /,Wv 0 metabolic fate of the compounds yevauat^n 
of the mechanism of action and metaboiic pathway of the non deuterated parent compound. (Blake et al. L 
Pharm Sci. 64, 3, 367-391,1975). Such metabolic studies are important in the design of safe, effecfve 

me tabolites produced from the parent compound prove to betoxic or carcinogenic (Foster et al., Advances m 
Drug Research Vol. 14, pp. 2-36, Academic press, London, 1985). 

Incorporation of a heavy atom particularly substitution of deuterium for hydrogen, can g.ve nse to an 
isotope effect that could alter the pharmacokinetics of the drag. This effect is usualiy insignificant if the label , 
placed at a metabolically inert position of the molecule. 

Stable isotope labeling of a drug can alter its physico-chemical properties such as pKa and hp.d 
solubility! These changes may influence the fate of the drug at different steps along its passage through the 
bod, Absorption, distribution, metabolism or excretion can be changed. Absorption and distribufon are 
processes that depend primari.y on the mo.ecularsize and the lipophilicity of the substance. These effects and 
iterations can affect the pharmacodynamic response of the drug molecule if the isotopic subst.tut.on affects a 
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isWop „« mo,ec«,« are «ren, fron, . ose o * « . 

breaking a C-D bond can Be up to h there may not be any effect to 

iscope effee, wiii be observed •* ,f «> ™> ^ by , ^ 

l5 irnpomnuonnders* d ta ^^..^„„ rt -ta-*d«i-.*-»*.-*» 

of the drug. 

„ .il, be readily apparent to one of ord™, sk.ll ,« l»e an 8 ,„„ ts „ the 

oto compounds wi* tanula . can be seized by —on of approbate re,o«s 

, d« Thiscn be achieved by *e cidation of the double bond into ammo ac,d 1. 

v\A^r\ />JaiO, it was found out that Os0 4 /Naiu 4 wdi 

ofH ,0 E losO,,en„ne^ — ^^E^,..^ 

rnetbylmorpholine-N-oxide can be substrtuted for H 2 0 2 m th.s process. 
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■""•" 4,, : ,i,e 

presence of acid or base catalyst. 

substitution on amino acid I suoh as those of fomuda 11: 

X-Abu-Sar-MeUu-Va, _MeLeu-Ala-(D)A,a-MeUu - *Leu -MeVa,^ 

(IDl , , 3 4 B » 7 . 



20 



25 



Where X is 



CH 2 



30 



CH un 3 

I 

— N-CH-CO— 



35 



And R" ..CHO,. CD 0,^C D .C D> ,C D =C«D,,CH=CHCH=C D .CO, ,00=0^0,0, 
.CH=CH-CHK:D,-CD.CH-CD.CD 1 ,CH-CD ! ,-CH-CH ! a»d.CD.CD, 



EXAMPLES : 
Example 1. 

T« a stirred solution of eye osporine 1(1 .Ulg, U.Mmmui; m 

To a stirred solution . , After stirrin „ overnig ht, the reaction mixture was partitioned 

40 added DMAP (150** 123—. ^ ^ ^ was ^ washed with water (50mL) and 
between EtOAc (50ml) and water (25ml). The separated EtOAc layer w 

brine(50mL) , dried 
Purification by flash —^^^ 
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,CHC. ««' 3328m, 2963m, 1746m, 162,s, 1528m, ,472m, 1233m; o» (600MHz, C.D., 8.73 (IB, 

1 0 6 5H 2 , , 82-U, (2H, complex), ,.68-1.61 <3H, eom P ,«x), 1-55 TO d, i= ,.0H 2 >. ,.55-,5 1 (,H m>, 
]TZ mm, , 32-. 20 <5H, complex), ,.2„3H,d,,= 7.0H.,, 1.2, (3H, d, ,= 6,^), ,.,7<3H, ,J = 

It d J- 0Hz, 0 93 (3H,d, J .6.0Hz),0.92(3H,d, J -6.5m), 0.88-0.84 (9H, complex), 0.76 (3H, 

;.;C,;7.,,- 

<„, «n 499 486 48 1 47.8, 44.5, 40.8, 39.1,35.7,33.6, 32.9,32.1, 31.S, 31.2, 30.0,29.7,29.5, 29.3, 

9/7;m/z(Electrospray) 



Example 2 

To » sotat i„ofcomp.u,d2(289mMa3mmo,,m.,:,m toe o f d i ox a »e„d„. K < 5 mX,was a d« 
• H .riOOntt 047mmol 2eq) and secondly, solution of osmium ttraox.de (5mL, 

,o<mu H 7-75H Z NH) 7 48(lH,d > J=9.0H2 > NH),5.93(lH,d,J = 7.5Hz),5.84(lH ) dd,J 4.0, 

2.42-2.08 (10H, complex), 1.94 (3H, s, ChbLU 2 j, v 

^ minw d 7=70Hz) 0.96 (3H, d, J= 6.5Hz), 0.92 (3H, d, J com;, 

= 6 « c(7 Mh! ,2.5 SHO), ,74.4, 1,4.0, 1,3.7, ,72.8, ,,,.6, 17..5 „,* 17U, ™6 

. n « < « 7 «s S5 0 54 5 49 4, 48.9, 48.5, 48.1, 45.0, 44.6, 41.3, 39.8, 38.8, 

35 
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10 



Example^ . , 

" tN • Tur^mH fit 0°C was added a solution ol me 

in water) , then lyophuisation from benzene yield* compound 4_(153mg, 0.12mm 

(1.0M;225n.L,225™»l, 10eq)Io ^ mrmmg 

mim , ,626s, 756s; 5„ (600MH, CM "» OH. " " ' " 5 , 6 (1H , d , 

2 06 OH .) 1 93-1.79 (3H, complex); 6 D (84MHz, C 6 H 6 ) 
2 . 20 (10H ) com P lex),2.06(3H sS ) 1. 93 170 ,, 17 0.7, 170.6, 170.3, 170.0, 168.4, 130.2 

6c (125MHz. 173.7. 173.6, 173.1. 171.7. 7M. 49.0,48.6,48.2,45.0, 

( C=C),123.8 ( C=C),73.8CMeBmtC-3)^ 

41.4,39.9,39.0,37.8,34.2,33.9,32.6,32 32 A ' ^ ? ' 2] m 19 ,, 18.9, 18.7, 

25 ,,2,3,25,,24.9,24^ 

18.6, 18.3, 17.4, 15.3, 14.3, 10.2; mh (Electrospray) 1270([M + Naj , 



20 



25 



30 F.xample 4 



10 



15 



PO7IB98/01693 

WO 99/18120 

,2,5m ,095m 754m; W (600MHz, C«H t ) 8.27 (1H, "j- 9.5Hz), 7.96 (IK, d, J - 7.5Hz), 7.63 (1H, d, J- 
5 66 5 64 (^H br d J= 11.0Hz), 5.79 (1 H, dd, J - 4.0, 11.5Hz), 3.39 (]H, dd, ./= 5.5, 10.5Hz), 5.33 (1H, dd, 

a " 2^ 

, n , ««u a /=7 0Hz) 1.56-1.50 (2H, complex), 1.46-1.23 (9H, 
romnlex) 1 80-1.74 (3H, complex), 1.67 (3H, <W /.uhz;, i.w v 
1« 1 ,7-1.13 06a 1.06(3H,d, J =6,Hz), ,.0 2 (3H,d,,-7.0Hz), 0.9E <3H, d. 
Th 0 6 (3H d,= 7.0Hz>, 0.92-0.89 (9H MP « 0,6 pH. W 0.83 (3H, d, ^.OHz), 

,71 2 170 5 .70.4, ,70.3, 169.8, 130.2, ,24.1,(99.2.) 74.3, (67.,,) 66.3, 66.1,61.0, 59.5,58.3,57.8, 
5 55 494,49.0,48.4,45.3,41.4,39.6,39.0,37.8, 36.5. 3,,,35.8, 33.7,31,, 30.8. 30.4,3,1, 

»ft ia-W) '206 (IM+H]-, 30%), .228 ( lM «*0*. 100), .244 ((M*)', 25). 

Example 5 

To a vigorous,, stirred mixture of oompound 3 (49ms, 39.8urr.ol) and deuterated d, 
^.triphe.v.phosp^^^^ 

to e yie,ded compound 4, (23ms, >8.3umo,, 47%, as a fttt. colourless solid; [at ^ <«■ 

CHClVv (CHCLcastycm"' 3322m,295,n, 1744m, ,626s, ,23,m,,54 m; c, (300MHz. ^complex 
CHCU,v_(Uil., , ,, 95H2 NH),8.72(d,J.9.5Hz,NH),8.29(d,J-6.5Hz, 
duetol:lr.tioofgeo«ie,n ra , 1 somers8.73(d,J 9.5Hz,MH), 
< Mm 826,d J-65HZ NH),7.92(d,J-7.5Hz,NH),7.86(d,J-7.5Hz,NH),7.53(d,J-9.0Hz,NH),7.49 

^ ^™««'0'W- ...OHZ,,,,^ ,0.5Hz),6,2<d,,= .«B4 
i ,d *i OH , 6.03 (d, H.0HZ), 5.90-5,3 (complex,, 5.37 (dd, 6.0, 8.0HZ), 5,0 (d, 

,n 284(s) 2 62(s) 2.48-2.23 (complex), 2.05 (s,,2.03 (s), 1.95-..59 (complex), 1.54 (d,^ 7.0Hz), 1.53 0.80 

' . 0 7, d J - 6 5Hz, 0 58 (d, J. 6.5Hz), 0.57 (d, J- 6.5Hz); 6c ,75MHz, CM 174.5. .74.0, 

(complex), 0.77 (d, J- oortzj, u.jo ^u, 

73 9 173 6 173 5 173.1, 171.7, .71.6, 171.4, .70.9. ,70.8. .70.6, 170.6, 170.3, 169.8. 169.7, 168.4. 37.9, 
1 33 5 1 2 8 .32 3 ,31 A .30... 1 MM *A "* "* SW 5 "" 55 ' 5 ' "* 54 ' 9> 
« •• 20 3, 5 30, 30.7,30.0,29.8,29.6,25,,25.5,25,,25.2,25.0,24,,24.1,23.9,23.7.23.6,22,, 
"^^It'^C^CO, 19.9, IS.,, ,S A 18.3, 17.S. ,5.3. ,0.2; m . (El^ospr^ 12 5 ,S (M.T. 

100%). 
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Example 6 

T„ , vigorous stirred mixture of compound 3 (5Smg, 45.5,.™!) and deu.eta.ed d,- 

t • u -Ao i\nt\mo 907umol ~20eQ) in benzene (3mL, at room temperature was 
crotvllriphenylphosphonium brom.de (360mg,907pmoi, zucuj 

croiyunp ,„™,™„. ra ture for Sdays, alter which time the 2 layers 

added IN NaOH (3mL). Stirring was continued at room temperature 

oenzene yieided compound 4. <23 m g. .8.1 urn.,, 40%) as a fluffy, colon**, solid; [«]„ -236.0 (c. 0.25, 

nl(iJ=7 5 „z), 7.53 (d, J- 9.5Hz), 7.62-7.31 (1H, complex), 7.16-6.88 (2H, complex), 6.59-6.39 

, 5H z) 5 90-5.82 (complex), 5.68-5.35 (complex), 5.08-4.97 (complex),4.8M.T2 (complex,, 4.63-4 5 
oZ 4.03 <d, - 14.0HZ), 3.47 <s), 3.46 (s,,3,8 (s), 3.26 «s>, 3,7 Is), 3.15 (s), 3.09 (s), ,98 (s), 2. 

(MH*, 100%). 



20 
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Example 7 

T. , srirred solution of compound 4. <20mg, .5.9umol) in methanol (5mL) and water (ImL) a, room 
temperature - added potassium catt.nate (30ms, 2 Humo,,. After s.itri.g overnight, *e reaction rn.xu.re 

e Je,edwimE,OAc<5mL,,,»econ,b„ed organic layers werethe, washed with 5 % e,tr,eac,d (10ml. and 
brin, (lOmL,, dried (MgSO., and the solvent removed ,„ ««. to give the crude product. Pur,f,ca„on by 
HPLC (65% MeO0 and iyophilisation from benzene yielded compound 5 S (1 0ms. 8.2pmol, 52%, as a fluffy, 
colourless solid; [at -285.2 C «* «* <«U ™* 2927m, 

, 626 s, ,520m, ,468a,, ,54m; 5» (300MHz, CM -plex due to the presence of2 isomers US (4 .7- 
,00Hz MH) 8 13 Cd J- ,0.0Hz, NH,,7.93(d,.-7.0HzNH),7.84(d, J -7.0Hz,NH),7.67(d, J -8.0Hz, 

J-* 5Hz) 6.5. ft, - ,0.5Hz), 6.52 ft,- 10.5Hz,, 6.30-6,4 (complex,, 5.8.-5.78 (complex), 5.75 5 66 
complex,, 5.44,.74(comp,ex,, 4.22-4.15 (complex,, 3.95 <*,- 14.0Hz,, 3.93 ^ Um, = 

(complex,, 2.55 (s,, 2.54 (s), 2.49-2.36 (complex,, 2.32-2.03 (complex,, 1.81*8. (complex,, 0.65 (d,,- 
6.5Hz)), «* (EleMrospray) 1216.8 (MH*. 100%), 607.9 ([M+2Hf , iS, 
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, A 4e n8ma 14 2umol) in methanol (5mL) and W ater (ImL) at room 

Tn » stirred solution of compound 4e (lamg, wu\mivi) 

To a stirred ^ reactl0n mixture 

temperature was added potass.um carbonate (35mg, 25 u J 

7.5Hz), 7.W> I . kx) 5 88 . 5 . 83 (comp lex), 5.76-5.71 (complex), 5.64-5.22 

(complex), 6.60-6.49 (complex), 6.32-6.11 (complex), 3 97 (d,7 = 

, ^, 1 7^08fcomplex) 491-4.77 (complex),4.26-4.18(com P lex),3.99(d,J 14.0Hz),..v i, 
(complex), 5.17-5.08 (complex), o7 ^ 3 05 ^ 

1 4.0Hz), 3.74 (s), 3.73 (s), 3.71 (s), 3.69 s , , s , 3* . 3,0 ^ ^ ^ 

2,7(s),2,6(s),2,5(s),2.92(s),2.91 ^^^^ ^ 1253 , ([M^af, 30), 
L84-0.81 (complex), 0.64 (d, J- 6.5Hz); «* (Electrospray) 1269.8 ([M+K] , 5/c), 

1231.8 (MH + ) 



£ - xampleg . . t t . fnr deutera ted cyclosporin analogs as described below. 

The immunosupressiveact.vrty was tested for deuteratea eye P 

1QQ2^ Whole blood lysates were evaluated for their aDiniyui " 

======= 

• • „n versus percentage of calcineurin inhibitation. The structures of the 
derivative concentration in ug/L versus percentage 

compounds assayed include: 
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MeLeu-MeVal N T H Abu ~ Sar 

I O 



,-D-Ala-Ala-MeLeu-Val-MeLeu (Compound 
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16 
XH 2 OH 

MeLeu-MeVal *f\ Abu-Sar 



MeLeu-D-Ala-Ala-MeLeu-Val-MeLeu (Compound 3) 



£HO 



MeLeu-MeVal N^jj Abu-Sar 

I ° 
MeLeu-D-Ala-Ala-MeLeu-Val-MeLeu 



(Compound 6) 



"""^ Led lymphocyte reaction (MLR) assay was with cyclosporin, and compounds 5« and 

5g . The results are presented to figure 6 and are ploaed as •»= means of four expertaenta showutg 
concentration of cyclosporin, or derivative versus percent inhibition. 

f^O.**,*****"—" PPressiveacdvityof^parentCsAntoiecu^ 

An example of a b~ph.Ce proliferation as»y procedure useful for thts pun-.se . as 
, coiiec, blood from two individuals <20mls each) and isolate lymphocytes using Ficoii-Paoue ( _ 
Biotech). 

i fount lvmohocytes at 1:10 dilution in 2 % acetic acid (v/v). 

4. set „p a N we.l sterile tissue cuiture plate, flat bottom (Sarstedt, ea, « S3..S35). To each we., add: 

5. Aliquot lOOul per well lymphocyte population A 
6 Aliquot lOOul per well lymphocyte population B 

A,i q „0.2.p, per.e.l of tog( CSA and CSA derivatives, at.,,5, 5, ,0, ,5, 50 and - 

DMEM with no supplements. 

to DMEM with no supplements. Add 30,. P=r - incubate for .S .ours a, yr C . S » O* 

,. Td^eiis -re harvested onto glass microfiber f ,,,e-s OP/A <«— - # ■«*»> - » C * 
Harvest* (Skatron, eat # 11019). Wash cells 3* wHh 1 .0-ml sterile distilled water. 
Note: All procedures are done using sterile techniques to a biological flow hood 
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,2. Lure the amount of radioactivity incorporated in the Oocytes using a beta counter (Micromedic 

System Inc., TAURUS Automatic Liquid Scintilation Counter) for 1.0 minute. 

13. Calculate averages and standard deviations for each drug and express results as: 

% Inhibition = [1- Av.rPMoftestdrue ] x 100 
Ave CPM of zero drug 
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% Proliferation = 100 - % Inhibition 

The MLR assay CM be otiliW to select antibodies of the invention which bind bioiogicaliy active 
CSA metabolnes and the paten, CSA „..ec»,e. Antibodies con.d aiso be selected for reactivity to bi„,o 6 ica»y 

inactive metabolites. 



From the results of the calcineurin assay 



and the mixed lymphocyte reaction assay, it was found that 



cycloserines that have been chemically substituted and deuterated at the amino acid 1 position can possess 
significant immunosuppressant activity. In the case of the derivatives 5e and 5g, immunosupressant act.vity that 
is significantly greater than CsA was obtained. 



Example 1 1 



Other cyclosporin derivatives of the invention 



which have been prepared include the following: 




CODE# 



MeLeu-MeVal N*|| Abu-Sar DB -bl-01 



MeLeu-D-Ala-Ala-MeLeu-Val-MeLeu 



Acd 



MeLeu— MeVal N 




Abu— Sar 



MeLeu-D-Ala-Ala-MeLeu-Val-MeLeu 



DB-bl-08 
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CHO 



Accv 




MeLeu-MeVa! ^ ^ Abu-Sar DBl-bl-11 

0 



MeLeu -D-Ala-Ala-MeLeu-Val-MeLeu 



MeLeu- 



,-MeVal tf\ Abu-Sar DBl-bl-31 



Me Leu-D-Aia-Ala-MeLeu-Val-MeLeu 



XH 2 OH 
HO,/ A* 



MeLeu-MeVal Ol AbU_Sar 

' 0 

MeLeu-D-Ala-Ala-MeLeu-Val-MeLeu 



DBl-bl-45 



AcO, 



MeLeu— MeVal N 




DB-bl86C 



Abu— Sar 



MeLeu< 



,-D-Ala-Ala-MeLeu-Val-MeLeu 
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(H)D CD 3 

l 



MeLeu— MeVal 



N^Sl 

I 6 



Abu— Sar 



MeLeu-D-Ala-Ala-MeLeu-Val-MeLeu 
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DB-bl-92b 



H0, ( 

MeLeu-MeVal lf\ Abu-Sar 

0 



MeLeu-D-Ala-Ala-MeLeu-Val-MeLeu 




DB-M-93C 



MeLeu-MeVal Abu-Sar 

O 



MeLeu-D-Ala-Ala-MeLeu-Val-MeLeu 




DB-bl-145D 



AcO, f 

MeLeu-MeVal N*Sl AbU_5 f r 

I 1 0 




DB-bl-147D 



MeLeu-D-Ala-Ala-MeLeu-Val-MeLeu 
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MeLeu-MeVal N^j Abu-Sar 

1 0 

MeLeu-D-Aia-Ala-MeLeu-Val-MeLeu 



DB-01-148 



HQ// 

MeLeu— MeVai N 




Abu— Sar 



MeLeu-D-Ala-Ala-MeLeu-Val-MeLeu 



DB-bl-151 



O'Bu 



AcO //( 
MeLeu— MeVal N' 




Abu 



i-Sar DB-bl-176 



MeLeu-D-Ala-Ala-MeLeu-Val-MeLeu 
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MeLeu— MeVal 



I 0 

Abu— Sar 



MeLeu-D-Ala-Ala-MeLeu-Val-MeLeu 



DB-bl-179 



NOMe 



MeLeU' 



AcO// 

i-MeVa! Abu-Sar 



MeLeu-D-Aia-Ala-MeLeu-Val-MeLeu 



DB-bl-180 



AcO/y 

MeLeu— MeVal N 




Abu— Sar 



MeLeu-D-Ala-Ala-MeLeu-Val-MeLeu 



DB-bl-192 




MeLeu-MeVal Abu-Sar 

O 



MeLeu-D-A!a-Ala-MeLeu-Val-MeLeu 



DB-bl-193 
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MeLeu-MeVal \f\ Abu-Sar DB-bl-134 

1 0 



MeLeu-D-Ala- Ala— MeLeu— Val-MeLeu 




MeLeu-MeVai Abu— Sar 



MeLeu-D-Ala— Ala— MeLeu— Val— MeLeu 



DB-bl-194 



"f 



MeLeu-MeVal vll Abu-Sar 

1 0 

MeLeu— D-Ala— Ala— MeLeu— Val— MeLeu 



DB-bl-195 



MeLeu— MeVal N 

1 0 




Abu— Sar DB-bl-196 



MeLeu-D-Ala-Ala-MeLeu-Val-MeLeu 



WO 99/18120 



23 



PCT/IB98/01693 



MeLeu-MeVal Y^Tl Abu-Sar DB . bl . 5 0B 

I 0 



MeLeu-D-Ala-Ala-MeLeu-Val-MeLeu 



Dlenninationofthephysicochemical.phannaccdynarnic, toxicological and pharmacolunet>c 
properties of the cyclosporine derivatives disclosed can be made using standard chen^ica! and bio.og.cal assays 
andthroughtheuseofmamema^^ 
phannaco.ogical/toxicologicalans.The^^ 
Lltsofsuch technics and through the use ofappro^ 

"decompounds of this invention m ay be adhered neat or with a phannaceutica, carrier to a wan, 
Wooded animal in need thereof. The pharmaceutical carrier may be solid or hqmd. 

This invention also relates to a method of treatment for patients suffering from —regulatory 
abnormalities involving the administration of the disclosed cyclosporins as the active consent. 

For the treatment of these conditions and diseases caused by immunoirregulanty, a deuterated 

lationscontainingconven^^ 
ItermparenteraUsusedherem, includes subcutaneous ^b^l*— 

injection or infusion techniques, 

The pharmaceutical co-potions M b active »>8««« may he . a ta. «b,e fo, r,i 

according to an, method known to the art for the manufacture of pharmaceutic., composes and such 
composes may contain one „, more agon, seiected from th. gnntp consisting of sweetenmg age* 
tooting agents, Coring agents and preserving agents fa order to provide ph.rm.ceut.cali, eiegan. a 

nd disintegrating .gents such as corn starch, or aiginic acid; (3, binding .gen* such .. »ch, gei. ,n or 
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lib pro,ide»sust,ned ,c.io„o,er.,o„ger period. 

described to the VS. Pal. Nos. 4,256,108; 4,160,452; and 4,265,174 lo form osmotic therapeutic tablets for 

„, an oil medium, for example peanut oil, liquid paraffin, o, ol,»e oil. 

the manufacture of aqueous suspensions. Such excipients may be 

(,) suspending agents such as sodium carboxymethylcelhuose, mediylcellulose, 
jAn MW» «*- -H-. P-lWin**, gum iragacanth and gum acacia; 

(2) dispersing or wetting agents which may be 
5 (a) a naturally-occurring phosphatide such as lecithin, 

(b) a condensation product of an alkylene oxide with a fatty acid, for example, 

poly oxy ethylene stearate, t 

(c) a condensation product of ethylene oxide with a long chain ahphat.c alcohol, for 

example, heptadecaethyleneoxycetanol, 

(d) a condensation product of ethylene oxide with a partial ester derived from a fatty acrd 
and a hexitol such as polyoxyethylene sorbitol monooleate, or 

(c) a condensation product of ethylene oxide w.th a partial ester denved from a fatty acrd 
a hexitol anhydride, for example polyoxyethylene sorbitan monooleate. 
The aqueous^uspensions may also contain one or more preservatives, for example, ethyl 

aeents such as sucrose, aspartame or saccharin. 

bv the addition of an antioxidant such as ascorbic acid. 

Disable powders and granules are suitable fo, the prcparat.o. of an aqueous suspension They 

more preserves. Suitable dispersing or wetting agents and suspending agents are exemplified y Ihose 
3S Zd^Intmncdaboye.Add.i.na, cxcipients, fo, example, mose sw« la-ormg aud co,o n ng agents 

The „i,,ph»sm,yb.avege M ble.i,s„ch»sol,yeoi,or.r,c.,isoi,s,.ia m iner.,oi,such, S ,„u,dp.raffm 
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rt m naturaliv-occurring phosphatides such as soy bean and lecithin, (3) esters or partial esters 

£U 1 - **~ °* fa s ° rbi,m aK - m 

nay also contain sweetening and flavoring agents. 

flavoring and coloring agents. 

The pharmaceutical -positions ma, be in the form of. St.* indole a,ue„us 0, oogenous 
su spe«>o„. This pension ma, be footed —ding ,. know, methods usingthose suhable d.spersmg or 

Foreclose, creams, ointments, jelhes, s.iutions „, suspensions, ete., conta.n.ng the drsCosed 

al comr— wi* .n appropriate and eonven.en. — of carrier materia, whtch ma, va„ from a on 

, ,ar,et, of factors including the ,c„,it, of the specific compound empioyed, the age, bc.ywe.ght g^a, 
heaith^.dicthneofad—n.route of administration, rateofexeretion, drag eomb,„.„on and *e 

15 severity of the particular disease undergoing therapy. 

A„reLee„is,edhere-rn.re«db y refe,ene,. 
a „l,ca„.» is controlling. Modifteations and changes of the disclosed compounds and methods wtl, be 

disclosure and the claims appended hereto. 
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Claims: 

ss^ress^ * is chemkally " " ' 

amino acid 9 position. 



2. 



The cyclosporin A derivative according to claim 1 represented by the formula I: 

c 
i 

CH, CH, ! C H 3 

H,ctcH 3 CH CH _CH 3 R ^ c / CH -CH 3 l Hj 



r 



CH, 



I 



CH — CO — N — CH -CO-N-CH-CO-N-CH-CO-N-CH 

CH.-1 r] Hl U ™> " <j° 

CO CH 3 — N 

H-I <j H » 

-N-CO-CH-N-CO-CH-N-CO 



(I) 



CO 



CH — N — CO— CH- 



CH H 



CH 3 H CH, 

CH H-C CH 3 



CH 

/ \ 

H 3 C" 'CH 3 h 3 C CH ; 



3. 

4. 
5. 



wherein R is 

(i) a deuterium or 

(ii) a saturated or unsaturated straight or branched aliphatic carbon chain of from 1 to 16 
carbon atoms and optionally containing one or more deuterium atoms or an ester, 
ketone or alcohol of said carbon chain and optionally containing one or more 
substituents selected from halogen, nitro, amino, amido, aromatic, and heterocyclic, 

or 

(Hi) an aromatic or heterocyclic group containing one or more deuterium atoms, or 
(iv) a methyl group and 

X Y and Z are hydrogen or deuterium provided that if R is methyl then at least one of X, Y 
or' Z is deuterium and wherein R' is an OH or acetate or other ester or is an 0 and together 
with a carbon adjacent to a double bond on amino acid 1 forms a heterocyclic nng. 

The cycloserine A derivative of claim 2 wherein R is a saturated or unsaturated aliphatic 
carbon chain of from 2 to 3 carbons containing one or more deuterium atoms. 

The cyclosporine A derivative of claim 2 wherein R is methyl. 

The cyclosporine Aderivative of claim 3 wherein X, Y and Z are hydrogen. 
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The cyclosporine A derivative of claim 1 represented by formula II: 




(5g) 



MeLeu-MeVal >r AbL, - Sar 

I o 

MeLeu-D-Ala-Ala-MeLeu-Val-MeLeu 



7. The cyclosporine A derivative of claim 1 represented by formula III: 



MeLeu— MeVal N 




Abu— Sar 



(5e) 



MeLeu-D-Ala-Ala-MeLeu-Val- MeLeu 

A pharmaceutical composition comprising a cyclosporine A derivative from any of claims 1 to 
7 or a pharmaceutical* acceptable saltthereof and a pharmaceutical* acceptab.e earner. 

A pharmaceutical composition for use in immunosupression comprising a cyclosporine A 
derivative from any of claims 1 to 7 or a pharmaceutical* acceptaWe salt thereof and a 

pharmaceutical^ acceptable carrier. 
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c 

MeLeU9 MeLeu 10 MeValU || MeBmt 1 

H CH * 

CH, CH, CH^ /C H 3 | 



CH 2 CH 2 , , ■ 

_ co _- N -ih -CO -N-CH-CO-N-CH-CO-N-CH Afau 2 

CH.-N L CH 3 CH 3 H CO 



CO CH 3 — N 



H,C — CH i »- 

H-N ^ ^^MeGlyS 

^ 8 CO — CH — N CO— CH -N CO CH N CO CH N CO. 

CH 3 i ™> CH A 

H3C CH 3 / ^ 

KjC CH 3 CH 3 



CH 



Ala 7 MeLeu 6 Val 5 MeLeu 4 



Fig. 1 
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MeLeU 9 



CH, 



MeLeu 10 

3 3 

CH 

I 

CH, 



MeVal11 



CH 3S , CH 3 



H3C H 
\ / 
C 

|| MeBmt 1 



H / C -CH, 



HO. 



CH 



CH V 
/ X CH 
CH 



CH 3 



CH, 



-CO N -CH — CO -N-CH-CO-N-CH-CO-N-CH ^ 2 

I 

CH 3 



CH — CO — N ^ ( | 

CH 3 — N L CH, CH 3 H CO 

CO C H 3 — N 

H.C-CH 

H-N j , 

ki rn ru — M — CO — CH 

CO-CH ^ ^ 

CHj H CH 



CH > ^ MeGly 3 



D-AJa B ^ „ u M rn pu m CO — CH — N CO 

CH — N — CO— CH — N CO CH IN v 



CH 

Hjc' X CH 3 



CH H 

/ \ 
H3C CH 3 



CH, 



CH 

/ \ 
HjC CH 3 



Ala 7 



MeLeu 6 



Val5 



MeLeu 4 



Fig. 2 
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MeLeu -MeVal _N^C — Abu-Sar 
I 0 



MeLeu - D'Ala - Ala -MeLeu -Val -MeLeu 
1 

R 

S 

AcO_ 

MeLeu -MeVal — N ' 



-Abu-Sar 



MeLeu -D*Ala- Ala -Me Leu -Val -MeLeu 



AcO 



ac 2 o. ?y 




/^C Abu-Sar 



MeLeu -MeVal — N' 



MeLeu- D'Ala -Ala -MeLeu -Vai -MeLeu 



1) Os0 4 

2) Nal0 4 



CHO 



AcO 

MeLeu -MeVal —N^C Abu-Sar 

+ i I 0 

1) RCH=PPh 3 P + i" ! 

2) K 2 C0 3 MeLeu -D'Ala -Ala -MeLeu -Val-MeLeu 

3 



HO 

MeLeu —MeVal — : ' 
MeLeu -D'Ala -Ala -MeLeu -Val -MeLeu 



X s 

fsj/^C Abu-Sar 

6 



r = -H (5a) 

-CH=CH 2 (5b) 

CH=CH-CH 3 (5C) 
CD 3 (5d) 



R = -CH=CH-CD 3 (5e); 
-0 (5F) 

CH=CD 2 (5g) 



CD=CD 2 < 5h > 



Fig. 3 
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MeLeu-WteVal-N^J — Abu-Sar 
I 0 



IdeLeu- D-Ala- Ala-MsLeu -Val -MeLeu 
1 

CHO 

Ac0 , r / 

NfeLeu-MeVfel — N^9 ^ u " Sar 

I 0 

VteLeu- D-Ala-Ala-teLeu -Val -MeLeu 



AC2Q. Py 



AcO 



MeLeu -MeVal — N^"9 Abu-Sar 

0 



lvteLeu-D7*Ja-Ala-MeLeu -Val -MeLeu 

2 1)Os0 4 
2) Nai0 4 



CHO 



A:0 



r 



1}(EtO) 2 CHCH=PPh 3 Br 
2} Acid hydrolysis 



1)RCD=PPh3P5r 




i 

CH 

/ 



MeLeu -MeVal — N^? Abu-Sar 



MeLeu-D-Ala-Ala-MeLeu-Val-MeLeu 
3 

R= — D(5g) 
CD 3 (Se) 



HO 



MeLeu -MeVal _N^C — Abu-Sar 
I 0 



IdeLeu-D-Ala-Ala-MeLeu -Val -MeLeu 



Fig. 4 
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